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ABSTRACT 



An electromagnetic induction type pattern input appa- 
ratus comprises an electromagnetic pen including an 
electromagnetic coil wound upon a magnetic rod; a 
tablet including a plurality of loop conductors which 
are arranged, for example on opposite surfaces of an 
insulator sheet, the conductors on the opposite sur- 
faces of the insulator sheet overlapping with each 
other and being displaced from each other so that the 
rectangular coordinate output corresponding to the 
position of the electromagnetic pen on the insulation 
sheet can be gray coded; a source of excitation signal 
for supplying an excitation signal to the electromag- 
netic pen; and means for detecting the phase of an 
output induced on the loop conductors according to 
the magnetic flux produced from the electromagnetic 
pen, whereby to determine the position of the electro- 
magnetic pen in accordance with the coded output of 
the loop conductors. 

11 Claims, 41 Drawing Figures 
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' 1 . ■ -2 . " ' 

ELECTROMAGNETIC INDUCTION TYPE overlapped with one another. The predetermined rule 

PATTERN INPUT APPARATUS for determining patterns and positions of loop conduc- 

tors on the tablet is that the desired position on the tab- 
let plane is defined by all gray coded outputs of loops. 
5 Each of the outputs corresponds to a binary number of 
This invention relates to an electromagnetic indue- M i" or "0" according to whether or not the electro- 
tion type pattern input apparatus adapted to input posi- magnetic pen is located in the loop. The patterns of the 
tional information or pattern information on a two- loop conductors for satisfying the above-mentioned 
dimensional plane into an information processing de- conditions are generally divided into two groups, the 
vice, and more particularly to an improved input appa- 10 pattern of the first group being comb-shaped and that 
ratus using an electromagnetic coupling between an 0 f t he second group being rectangular shaped. The 
electromagnetic pen and loop conductors arranged on number of teeth of the comb-like pattern is determined 
the two-dimensional input plane. according to the desired bit number of the code and 

The basic principles of these electromagnetic indue- resolution of the pattern input apparatus. The width of 
tion type pattern input apparatus are known. One such 15 the j^p Q f ^ e rectangular pattern is also determined 
known apparatus comprises a plurality of horizontally according to the bit number and resolution. The pat- 
and vertically arranged parallel conductors, and a plu- tems of two groups are horizontally and vertically ar- 
rality of sense amplifiers each connected between one ranged to overlap with each other and to be displaced 
end of the two neighboring conductors, the other end fmm each other ^ loop of the patterns being con . 
of the conductors being connected together so as to 20 nec ted with a sense amplifier or a driving amplifier. An 
complete an input tablet plane. An electromagnetic electromagnetic pen including a coil wound around a 
pen is placed at a predetermined point on the input -tab- magnetic rod is provided, the electromagnetic pen 
let plane and position of the point is detected by the bei ^ for designating the predetermined position 
outputs obtained from the sense amplifiers. In the ap- on the . ^ ^ to e iectromagneticaIly couple 
paratus, a pair of conductors connected to a sense am- 25 ^ ^ ^ ^ , 00 ductors on the ta51et Accord „ 
pl.fier construct^ loop conductor and it is possible to one of this invention ^ ■ e[ectromagnetic 

determine whether the electromagnetic pen is located * u { ? d with a sjne waye Qr rectangular wave 
or not in the loop of a loop conductor in accordance K Jfi^ phase of the output signals derived from 
with the polarity of the electromotive force induced on ^ senge amP i|f| era \ s detected 
the loop conductor so that the position of the electro- 30 Accordi J, the jnventi the coded Q 

magnet.c pen can oe detected, of the desired position on the tablet plane is obtained 

These prior pattern input apparatus have some ad- collectively detecting the state of the electromag- 

vantages of the electromagnetic induction type pattern \. J , #u , . * *u *u i ♦ 

input apparatus in that the electromagnetic pen can be net,c ""P 1 "* of f h f )oop conductors w,th the electro- 
coupled with loop conductors of the tablet plane with- 35 magnetic pen and it is possible to reduce the number 
out contacting thereto, that the apparatus can be sim- of ^conductors exponentially. Further, as the loop 
ply constructed, that the apparatus will not be influ- conductors are arranged to overlap with each other and 
enced by the external noise, and that the apparatus can t0 be displaced from each other so as to obtain gray 
be operated with high stability and reliability without code * 0Ut P uts ' the conductors of the loops can be dis- 
being influenced by of variation of atmospheric condi- 40 P os ^ » constant Stance thus preventing the 
tions such as temperature. conductors from overlapping at the same position. Ac- 

However, as the abovementioned prior apparatus re- cordmgly, it is not necessary to insulate the conductors 
quires a sense amplifier connected to each of a pair of from ^ ch other and **** tabIet of tms invention can be 
conductors or a loop conductor, it is not possible to de- easil y fabricated. Especially, m the case of reducing the 
tect the position of electromagnetic pen with high ac- 45 Stance between conductors for increasing the resolu- 
curacy without increasing the number of sense amplifi- tion of the apparatus, the tablet can be easily fabricated 
ers. The conventional apparatus also have disadvan- *>y "sing a printed circuit technique on the insulator 
tages in that the position detection cannot be achieved sheet. 

between the loops, and that as the position information Further, as a binary number of the gray code usually 
is obtained from the position where an output is pro- changes one bit from the preceding or succeeding num- 
duced at a sense amplifier, it is necessary to further en- b er> th ^ error provided from the near portion of the 
code the output of the sense amplifier. electromagnetic pen will be at most ±1 (denoting the 

distance of conductors as unity), thereby improving the 
SUMMARY OF THE INVENTION accuracy of the pattern input. 

Accordingly, it is an object of this invention to pro- 55 BR1£F DESCRIPTION OF THE DRAWINGS 
vide an electromagnetic induction type pattern input 

apparatus capable of reducing the number of sense am- FIG. 1 is a diagrammatic representation of the pat- 

plifiers or driving amplifiers without lowering the reso- terns of loop conductors embodying the principle of 

lution and capable of obtaining an encoded output 6fl this invention; 

therefrom. FIGS. 2 A and 2B are diagrams to show the relative 
It is another object of this invention to provide a tab- position of an electromagnetic pen embodying the in- 
let of high resolution having simplified loop conductor vention and a loop conductor; 
arrangements and which is easily produced. FIG. 3 is a circuit diagram showing a pattern of loop 
An input tablet plane According to the present inven- 65 conductors of a tablet sheet embodying the invention; 
tion comprises a group of loop conductors haying dif- 
ference patterns and sizes arranged in accordance with FIG. 4 is a block diagram of one embodiment of this 
a predetermined rule that loop conductors are partly invention; 
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FIGS. 5A through 5F and FIGS. 6A through 6F show TABLE 
signal waveforms useful to explain the operation of the 
apparatus shown in FIG. 4; 

FIG. 7 is a perspective view of a modified example of 
the electromagnetic pen; 

FIG. 8 is a diagram showing the manner of varying 
the magnetic flux generated by the electromagnetic 
pen shown in FIG. 7; 

FIG. 9 is a diagram showing another example of the 

electromagnetic pen; 10 

Jl?JVw V^^° n ° f an ° ther emb ° di " Thus > aI1 *e regions of the input tablet plane are de- 

mentof ihismvention noted by a code of three bits x,% 2 and ^ 3 This means 

FIG. 11 is a connection diagram of one examp e of tuJ n „~u^ AfpM „ fl « 1 J4 j t . 

*u « r« ■ i & . , . K n « that the number of sense amplifiers needed to detect 

the amplifier and amplitude comparator shown in FIG. -u* M * 0 A * u • i *iT a j- i u 

jq. K 15 ^ regions A to H is only three. Accordingly, by ex- 

ni/^ n • « j- £• ■ c panding the principles of this invention it is possible to 

FIG. 12 is a connection diagram of one example of A + A „+%n • c, . \_ 

adj^ . u- a detect 2" regions by using only n sense amphfiers, thus 

shown in FIG 1 0- ' ' exponentially reducing the number of sense amplifiers 

FIGS. 13A-13G comprise a timing chart for explain- ^ com P ared ™ th the conventional apparatus. 

ing the operation of the circuit shown in FIG. 12; 20 P ur . ther ; as clearly shown in the above table the gray 

FIG. 14 is a connection diagram of another embodi- '° d "L° ut P* r ° f nt ° n| y one b " am ? n S b,tS V T $ 

ment of this invention; between adjacent regions. Denoting the spacing be- 

FIGS. ISA through 151 are signal waveforms helpful tween adjacent reg.ons by unity the error near the loop 

to explain the operation of the embodiment shown in con^n wiB be at most ±1 , thereby improving the 

FIG 14* and 25 accuracy of the pattern input. Moreover, the number 

FIG. 16 is a diagram showing another example of the ° f th , c £°P factors that divide adjacent regions on 

loop conductor pattern. the tablet sheet or the m P ut surface ,s aiwavs one - 

Thus, there is no chance of overlapping a plurality of 

DESCRIPTION OF THE PREFERRED loop conductors at the same position whereby prepara- 

EMBOD1MENTS 30 tion of the tablet sheet is greatly simplified. 

FIG. 1 shows a pattern of three-bit loop conductors * P attern f shown in FIG ; 3 is actuaH y used wherein 

arranged in the X-axis direction of a tablet sheet uti- ™° paU f rn s! ) own . ln FIG ' 1 ls arran g ed al ° n g the X and 

lized in this invention. An output jc, is produced across Y ' axis d,recl,ons m order to obtain a rectangular coor- 

output terminals of a first comb shaped loop conductor dinate (x ' > ) ln a two dimensional plane, for example, 

1, and outputs * 2 and jc 3 are produced across the output 35 an XY P lane - More Particularly, multi-loop conduc- 

terminals of second and third rectangular loop conduc- tors *> 2 and 3 > similar t0 those shown in FIG 1 are ar ' 

tors 2 and 3, respectively. Thus, outputs x u x 2 and * 3 ran £ ed aIon g the X " axis on an insulation sheet 4. Loop 

are digits constituting three bit digital outputs. An elec- conductors 5, 6 and 7 having the same pattern as that 

tromagnetic pen to be described later is placed in one of loo P conductors 1, 2 and 3 are arranged along the 

of the regions A through H which are defined by the 40 Y_axis on the other side of tne insulator sheet 4 such 

loop conductors 1, 2 and 3 which are displaced from that conductors 1, 2 and 3 intersect conductors 5, 6 

each other as shown. When a driving current is passed and 7 at ri S ht angles, respectively, thereby completing 

through the exciting coil of the electromagnetic pen, a lable * sheet 8. Outputs y h y 2 and y 3 are produced 

the magnetic flux produced by the coil links through across output terminals of loop conduc tors 5, 6 and 7, 

loop conductors 1, 2 and 3 to produce outputs x u x 2 45 respectively^ Ante ( ^ 

and x a . Assuming now that the electromagnetic pen is <«^itijpjp^ 

positioned in the region B, the magnetic flux from the ^im8«^Srf^ 



pen links with loop conductors 1 through 3. H«i M ™r^^jjjjg^ 
in the region B, as the electromagnetic pen is w a rpH\J^u^lig^^ 
within the loop of the loop conductor 1 but outside of 5 «ffin^gj^| ^ 

the loops of the loop conductors 2 and 3, the linking di- Flti. 4 shows one embodiment of this invention utiliz- 
ation of the magnetic flux is different on the loop 1 ing a three bit tablet sheet having a pattern as shown in 
and loops 2 and 3. The fact that whether the electro- FIG. 3. However, for the sake of description, only the 
magnetic pen is located within or outside of a loop of loop conductors 1, 2 and 3 arranged in the X-axis di- 
a loop conductor can be readily detected by the fact rection are shown in FIG. 4. 

that the directions of the magnetic flux linking the loop A sine wave exciting signal of 1 0 KHz supplied from 
conductors 1 through 3 are different dependent upon a source of excitation signal 12 and shown by FIGS. 5A 
the relative position between the electromagnetic pen and 6A is supplied not only to the exciting coil 10 but 
1 1 and the loop conductor 1 or 2, as shown in FIGS. 2A ^ also to a Schmitt circuit 13. When the electromagnetic 
and 2B. In the following description, the output of the pen 11 is located in region C, as shown, the outputs x k 
conductor is expressed by "1" when the pen is located and x 2 are both "l" and the output^ is u 0." As shown 
within the loop, and by "0" when the pen is located by FIG. 5B, the outputs x x and x z are in phase with the 
outside the loop. excitation signal shown by FIG. SA, whereas the output 

The three bit digital outputs produced by respective 65 x z has the opposite phase from the excitation signal as 
regions A through H of the multi-loop conductoi pat- shown by FIG. 6B. These outputs are applied to one 
tern are the outputs which are gray encoded as shown input terminal of AND gate circuits 17, 18 and 19 re- 
in the following table. spectively through sense amplifiers 14, 15 and 16. 
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The excitation signal applied to the Schmitt circuit Although in the foregoing embodiment, a sine wave 
13 is converted into a rectangular waveform as shown excitation signal was applied to an electromagnetic pen 
in FIGS. 5C and 6C and the rectangular waveform from and a sine wave voltage induced in the loop conductors 
the Schmitt circuit 13 is applied to a monostable multi- on a tablet sheet and a gate pulse produced by shaping 
vibrator 20 to drive it by the leading edge of the rectan- 5 the waveform of a sine wave excitation signal were ap- 
gular waveform, thereby producing a pulse output hav- plied to AND gate circuits, it is also possible to use a 
ing a predetermined width. The pulse output is set such rectangular wave signal generator 100 as the source of 
that its trailing edge coincides with the maximum posi- the excitation signal as shown in FIG. 10. In this case, 
tion of the positive excursion of the excitation signal. the output of generator 100 is applied through driving 
The output from the monostable multivibrator 20 is ap- 10 circuit 101 to pen 11 and output pulses having more or 
plied to a gate pulse generator 21 which generates a less time delay corresponding to the leading and trail- 
gate pulse shown in FIGS. 5E and 6E in response to the ing edges of the rectangular wave signal are induced in 
trailing edge of the output from the monostable multi- the loop conductors 1 to 3 on the tablet sheet. Only the 
vibrator 20. The gate pulse is applied to the other in- output signal corresponding to the leading edges and 
puts of the AND gate circuits 17, 18 and 19. Accord- 1 5 the rectangular waveform signals are applied to an am- 
ingly, the outputs x x and x 2 are passed through AND plitude comparator 104 through a sense amplifier 103 
gate circuits 17 and 18 to produce a " 1" output shown to accomplish the same object. According to this modi- 
in FIG. 5F. However, as the output x 3 is negative, AND fication it is possible to eliminate the waveform shaping 
gate circuit 19 does not produce any output because circuit of the previous embodiment shown in FIG. 4 in- 
this gate circuit 19 is now disenabled. In other words, 20 eluding the Schmitt circuit 13, monostable multivibra- 
the AND gate circuit 19 produces a "0" output. The tor 20 and gate pulse generator 21. 
outputs from the AND gate circuits 17, 18 and 19 are In the embodiment shown in FIG. 10, the outputs of 
supplied to an input device of an electronic computer, three bits from three amplitude comparators 104 are 
for example, through three output terminals 25. temporarily stored in a first register 105 and then ap- 

In one example of this invention, where the input was 25 plj e d to a gray to binary code converter 106 as required 

produced by a single electromagnetic pen, and when to convert to a binary code. The binary coded signal 

the minimum width of the divided regions of the tablet from code converter 106 is applied to a second register 

sheet was set to be 0.5 mm, the permissible maximum and then transmitted to an input device of an electronic 

width of the loop was up to 256 mm which is deter- computer, for example, from output terminals 108. 

mined by the induced voltage whose phase is to be de- 30 Amplifiers 103 of FIG. 10 comprise a preamplifier 

tected and by taking into consideration the S/N ratio. 110 including an operational amplifier 109 and a main 

Accordingly, the number of the divided bits is calcu- amplifier 1 12 including an operational amplifier 111 as 

lated by an equation 256/0.5 = 512=2*, that is 9 bits. shown in FIG. 11. Outputs from tablet 8 are amplified 

In other words, it is possible to use input information in preamplifier 110 and then applied to main amplifier 

consisting of up to 9 bits. 35 112 to adjust its amplitude to be the same value as the 

Where it is necessary to use a larger number of bits, other corresponding signals. The output of main ampli- 

as shown in FIG. 7, a modified electromagnetic pen 70 fier 112 is then applied to an amplitude comparator 

of dual construction is used which comprises a fine cen- 104 having an operational amplifier 113. To the posi- 

tral needle 71 surrounded by a coil 72 which is excited tive input terminal of operational amplifier 113 is ap- 

by a high frequency current of 10 KHz and a thick pen 40 plied a direct current signal, the voltage level of the sig- 

holder 73 surrounded by a coil which is excited by a nal being adjusted by a variable resistor 114 to obtain 

low frequency signal of 200 Hz, for example. With this an output pulse of zero to 4*5 volts as an output of am- 

dual construction, a magnetic flux consists of the 10 plifier 113, Main amplifier 112 also operates as a linear 

KHz signal superposed upon the 200 Hz signal, as detector and amplifies only when the input thereto is a 

shown in FIG. 8. Signals induced by these superposed 45 positive voltage. On the other hand, a main amplifier 

fluxes are derived out from the loop conductors and are for the Y output amplifies only when the input thereto 

separated into an upper digit bit and a lower digit bit is a negative voltage. 

by passing the output signals through filters (not Outputs AO, Al and A2 corresponding to the outputs 

shown) respectively cutting off the high frequency jc, to x 3 from amplitude comparator 104 are applied to 

band and the low frequency band. With this arrange- an NAND gate 115 of FIG. 12 together with the phase 

ment, it is possible to use input information of up to 12 detection pulse or driving pulse from an oscillator 100. 

bits. FIG. 12 shows a logic circuit for converting the outputs 

Where it is desired to simultaneously write the input AO to A2 of amplitude comparator 104 from a gray 

pattern on the paper, an electromagnetic pen 90 as - 5 code to a binary code and this logic circuit corresponds 

shown in FIG. 9 is used. More particularly, in this pen to register 105, code converter 106 and register 107 of 

90, a fine opening is perforated through a pen 91 made FIG. 10. 

of magnetic material and ink 94 stored in the pen Now, the circuit shown in FIG. 12 will be explained 
holder 93 is supplied through this opening to write a by referring to the timing chart signals shown in FIGS, 
pattern on the tablet sheet. 6Q 13A to 13G. FIG. 13A shows a waveform of an input 
Since the power consumption of the electromagnetic to the amplitude comparator 104, in which the solid 
pen is less than 0.05 watt, a battery may be contained line shows an input waveform in the case that the elec- 
in the pen holder for eliminating a connecting wire, tromagnetic pen 11 is located within the conductor 
thereby facilitating the use of the pen. In this case, as loop of the tablet 8 and the dotted line is in the case 
it is necessary to obtain a reference signal for produc- 65 that the pen 11 is located outside of the conductor 
ing a gate pulse, a loop conductor surrounding the en- loop. The input shown with the solid line is firstly corn- 
tire input range is provided so as to use the signal in- pared with the direct current level shown with the 
duced in the loop conductor as the reference signal. dashed line, and an output H as shown in FIG. 13B is 
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produced only when the level of the input is lower than 
that of the direct current signal to be applied to NAND 
gates 115 to 117 as shown in FIG. 12. At NAND gates 
115 to 117, the phase of the output of amplitude com- 
parator 104 is compared with that of the driving pulse 
output from oscillator 100. If the output of amplitude 
comparator 104 is in phase with the driving pulse, the 
output of opposite polarity shown in FIG. 13D will be 
obtained. The output is respectively applied from 
NAND gates 1 15 to 1 17 to a flip-flop circuits 118, 119 
and 120 to set these flip-flop circuits 118 to 120 with 
the trailing edge thereof. As flip-flop circuits 118 to 
120 are reset with the leading edge of the driving pulse 
shown in FIG. 13C, the output thereof has a waveform 
as shown in FIG. 13E. 

The input level shown with the dotted line as shown 
in FIG. 13A is also compared with the direct current 
level, and an output shown in FIG. 13F is applied to 
NAND gates 115 to 1 17 only when the voltage level of 
the input is lower than that of the direct current signal. 
The phase of the output shown in 13F is compared with 
that of the driving pulse. In this case, as the phases of 
both signals do not coincide with each other, flip-flop 
circuits 118 to 120 are not set and no output is pro- 
duced therefrom as shown in FIG. 13G. These flip-flop 
circuits 118 to 120 comprise the first register 105 
shown in FIG. 10. 

The Q outputs from flip-flop circuits 1 18 to 120 are 
applied through exclusive OR gates 121 and 122 con- 
stituting a gray to binary code converter 106 to second 
register 107 to obtain binary outputs from second regis- 
ter 107. 

Further, in the foregoing embodiments, although an 
excitation signal having a sine waveform or a rectangu- 
lar waveform was impressed upon an electromagnetic 
pen for deriving out the signals induced in the loop con- 
ductors on a tablet sheet, it is also possible to apply the 
excitation signal to the loop conductors on the tablet 
sheet and to derive out the voltage signal induced in the 
coil of the electromagnetic pen as the pattern input sig- 
nal. 

FIG. 14 shows one example of such a modified em- 
bodiment wherein the outputs from a rectangular wave 
signal generator 100 are impressed upon three loop 
conductors 141, 142 and 143. These rectangular wave 
signals have relative phases as shown in FIGS. 15A, 
15B and 15C, each having a pulse width of 10 micro- 
seconds to I millisecond and an amplitude of from 0.1 
to 1A. An electromagnetic pen 147 including a thin 
needle shaped magnetic member 145 and an excitation 
or a sensing coil 146 wound upon the magnetic mem- 
ber 145 is used to cooperate with a tablet sheet 144 
having the same construction as that shown in FIG. 4. 
Then a signal as shown in FIG. 15E will be induced in 
the sensing coil 146 due to the variation in the mag- 
netic flux corresponding to the position, for example, 
the G region, of the pen 147. This signal is amplified by 
an amplifier 148, as shown in FIG. 15F, and is then sup- 
plied to a Schmitt circuit 149 which functions to derive 
out only the positive pulse shown in FIG. 15G. The pos- 
itive pulse is applied to one input of an AND gate cir- 
cuit 150. The phase of the output from the Schmitt cir- 
cuit 149 is delayed with respect to that of the signal in- 
duced in the coil 146 due to the time delay in the oper- 
ation of the amplifier 148. 

The output from the rectangular wave generator 100 
is also supplied to an OR gate circuit 151 to form a sig- 



20 



25 



nal as shown in FIG. 15D which is applied to the other 
input of the AND gate circuit 150. Accordingly, the 
AND gate circuit 150 produces an output pulse shown 
in FIG. 15H corresponding to a driving pulse which is 

5 applied when the electromagnetic pen 147 is placed in 
either one of the loops of the loop conductors 141, 142 
and 143, but does not produce any output pulse when 
the pen 147 is positioned outside the loops. The output 
from the AND gate circuit 150 is applied to a flip-flop 

10 circuit 152 for the purpose of converting it into a pure 
binary code, thereby producing a time signal expressed 
by a binary signal as shown in FIG. 151. 

Each of the above described embodiments is con- 
structed to produce three bit gray coded outputs, but 

15 as above described it is possible to increase the number 
of bits to about 9. Of course, the number of the loop 
conductors should be increased as the number of bits 
is increased. 

FIG. 16 shows a pattern of the arrangement of the 
loop conductors on a tablet sheet for the purpose of ob- 
taining four bit gray coded outputs. Similar to a con- 
ventional circuit board this pattern can be formed by 
forming loop conductors 160 and 161 in the directions 
of the X and Y-axes on both sides of an insulation sheet 
by means of a photoetching technique. Solid lines indi- 
cate loop conductors formed on the upper surface of 
the insulation sheet while dotted lines indicate those 
formed on the lower surface. As shown in FIG. 16, the 
30 cubically crossed portions of the loop conductors 160 
shown by dotted lines and extending in the X-axis di- 
rection with the loop conductors 161 shown by solid 
lines extending in the Y-axis direction penetrate 
through the insulation sheet by through holes 162 and 
35 are connected on the opposite side thereof. The shaded 
portion functions as the effective input surface. 

Where the tablet sheet is made of a transparent insu- 
lation sheet, the input of a complicated pattern is possi- 
ble because the tablet sheet pattern can be superposed 
40 upon the table sheet thereby facilitating the tracing of 
the pattern with the electromagnetic pen. 
What is claimed is: 

1. Electromagnetic induction type pattern input ap- 
paratus comprising: 
45 an electromagnetic pen including an electromagnetic 
coil wound upon a magnetic rod; 
a tablet including a plurality of comb-shaped and 
rectangular loop conductors which are arranged on 
an insulator sheet and being overlapped with each 
50 other and being displaced from each other so that 
the rectangular coordinate output corresponding 
to the position designated by said electromagnetic 
pen on said insulation sheet can be gray coded; 
a source of excitation signal for supplying a rectangu- 
lar wave excitation signal to said electromagnetic 
coil; 

sense amplifiers respectively connected to said loop 

conductors of said tablet; 
amplitude comparators for comparing the levels of 
output signals derived from said sense amplifiers 
with a predetermined voltage level; 
means for varying said predetermined voltage level; 
and 

65 output means for detecting the output signals of said 
amplitude comparators, whereby to detect the po- 
sition on said loop conductors designated by said 
electromagnetic pen. 
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2. The apparatus according to claim 1 wherein said 
loop conductors are X-axis and Y-axis loop conductors 
which are respectively arranged on both surfaces of 
said insulation sheet of said tablet and the crossing por- 
tions of said loop conductors forming one surface of 5 
said insulation sheet are electrically connected on the 
other surface thereof via holes formed through said 
sheet. 

3. The apparatus according to claim 1 wherein said 
insulator sheet of said tablet is a transparent insulating 10 
sheet. 

4. The apparatus according to claim 1 wherein said 
electromagnetic pen comprises a pen holder having 
therein an ink reservoir and a magnetic pen having a 
passage communicating with said ink reservoir. 15 

5. The apparatus according to claim 1 wherein said 
electromagnetic pen includes a first coil energized by 
a high frequency excitation signal and a second coil en- 
ergized by a low frequency excitation signal. 

6. The apparatus according to claim 1 wherein each 20 
of said amplitude comparators includes an operational 
amplifier, the output signal from a sense amplifier 
being supplied to one of the input terminals of said op- 
erational amplifier, and a variable d.c. voltage being 
supplied to the other of the input terminals of said op- 25 
erational amplifier. 

7. The apparatus according to claim 1 wherein said 
output means includes a plurality of NAND gates sup- 
plied with the output signal from said amplitude com- 
parators and with the output from said source of excita- 30 
tion signal; a plurality of flip-flop circuits connected to 
the output terminals of said NAND gates; a plurality of 
exclusive OR circuits connected to output terminals of 
said flip-flop circuits; and a register connected to the 
output of said exclusive OR circuits. 35 

8. Electromagnetic induction type pattern input ap- 
paratus comprising: 

an electromagnetic pen including first and second 



857 . 

10 

electromagnetic coils wound upon a magnetic rod, 
said first and second coils being simultaneously en- 
ergized by high and low frequency excitation sig- 
nals, respectively; 

a tablet including a plurality of comb-shaped and 
rectangular loop conductors which are arranged on 
an insulator sheet and being overlapped with each 
other and being displaced from each other so that 
the rectangular coordinate output corresponding 
to the position designated by said electromagnetic 
pen on said insulation sheet can be gray coded; 

a source of excitation signals for supplying said high 
and low frequency excitation signals to said first 
and second electromagnetic coils, respectively; and 

means for detecting the output signals induced on the 
loop conductors according to the magnetic flux 
produced, from the electromagnetic pen and for 
separating high and low frequency portions of said 
output signals » whereby to detect the position on 
said loop conductors designated by said electro- 
magnetic pen. 

9. The apparatus according to claim 8 wherein said 
loop conductors are X-axis and Y-axis loop conductors 
which are respectively arranged on both surfaces of 
said insulation sheet of said tablet and the crossing por- 
tions of said loop conductors forming one surface of 
said insulation sheet are electrically connected on the 
other surface thereof via through holes formed in said 
sheet. 

10. The apparatus according to claim 8 wherein said 
insulator sheet of said tablet is a transparent insulating 
sheet. 

11. The apparatus according to claim 8 wherein said 

electromagnetic pen comprises a pen holder having 

therein an ink reservoir and a magnetic pen having a 

passage communicating with said ink reservoir. 
***** 
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